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INTRODUCTION 
Agriculture in many areas of Oklahoma has developed to a large ex-
tent around the production of' roughages., These roughages,, connnonly in 
the form of prairie hay and dry range grass,, are the main sources of 
energy in wintering rations for range beef cattlee It is important that 
these roughages be properly supplemented with protein in OTder that 'they 
may be efficiently digested and in order for the animal to grow and store 
tiitrogen during the winter. 
Protein is usually the most expensive portion of the ration and many 
commercial supplements~ which are sold on the basis of their protein con= 
tent., iconta:in considerable amounts of carbohydrate6 Such carbohydrate 
may be of benefit for furnishing additional energy to cattle having acicess 
to limited amounts of roughage. There is little experimental work to 
indicate that the carbohydrate in protein supplements may exert a signi= 
.ficant sparing action upon the protein. 
The experiments reported in this thesis were initiated to study the 
effect of a readily available source of' /Carbohydrate such as corn and an 
edible source of fat in the form of corn oil on nitrogen metabolism and 
on the digestibility of ration constituents by steers fed basal wintering 
rations. 
l 
REVIEltl OF LITERATURE 
Some Effects of Carbohydrate on Digestibi lit y 
Munro (1951), in an extensive review, cites experiments conducted 
by European workers in the latter part of the nineteenth century in 
which the addition of fat or carbohydrate to :ruminant rations generally 
increased nitrogen retention. Lindsey and Smith (1910) , working with 
sheep, showed that molasses caused a decrease in organic matter digesti-
bility whether the basal ration was composed of only hay or hay and 
concentrate. In the hay basal ration molasses had to be present in 
relatively high concentration to cause any marked depression. Briggs 
and Heller (1937) reported on the effect of molasses on the digesti-
bility of a lamb- fattening ration. The basal ration contained 457 gm. 
alfalfa hay plus 454 gm. of either corn or oats. He found that the 
substitution of 230 gm. of molasses for 224 gm. of grain caused a de-
creased apparent digestibility of protein and fat and had no apparent 
effect on the digestibility of crude fiber and nitrogen-free extract. 
Colovos et ~· (1949), working with dairy heifers, found that the 
addition of either wood or cane molasses to a grass- legume hay ration 
caused a decrease in the average apparent digestibility of protein. 
DaVis et al. (1955), working with dairy steers, in three digestion 
trials found that molasses at high levels consistently depressed the 
digestibility of protein. Digested nitrogen from the rations containing 
large amounts of molasses appeared t o be less useful than digested 
2 
3 
nitrogen from rations containing corn meal. 
Arias and associat es (1951) observed the stimulation of cellulose 
digestion by rumen bacteria in vitro in the presence of small amounts of 
molasses. This stimulation was not maintained when high levels of molasses 
were included in t he media. 
Mitchell and associates (1940) found t hat the digestibility of crude 
fiber was decreased 25 per cent by the addition of glucose to beef calf 
rations of different protein content. 
Hamilton (1942), working wit h sheep, studied the effect of added 
glucose on the digestibility of t he ration. The basal ration consisted 
of timothy hay, ground yellow corn, and cottonseed meal. The animals were 
fed 1.64 lb. of basal ration per 100 lb. liVe=weight . When sugar was fed, 
the animals r eceived, in addition to the basal ration3 150 to 200 gm. of 
I 
corn sugar daily. The average apparent digestion coefficients wer e f or 
the basal ration and t he basal ration plus sugar , r espectivelyi dry 
matt er, 65.4 and 67.7 per cent; total nitrogen, 6le9 and 54.1 per cent; 
crude fiber, 43.8 and 31.9 per cent; and nitrogen=free extr act, 76.7 and 
79.7 per cent. The addition of t he sugar caused a significant decrease 
in apparent crude protein and crude fiber digestibility and a signifi= 
dant increase in the apparent digestibility of nitrogen-free extract. 
~ift ~ ~· (1947), in studies with sheep, found that the addition of 
58 gm. of starch resulted in a depression in the apparent digesti bility 
of protein and crude fiber in a ration which contained mixed alfalfa and 
timothy hay, cornmeal and linseed meal. When 58 gm. of cerelose was added 
instead of t he starch, there was a significant increase in the digesti-
bility of the dry matter but no significant change in the apparent digesti= 
bility of protein. When t he level of cerelose was increased to 116 gm. 
4 
there was a significant decrease in the apparent digestibility of prote:i.n 
and crude fiber. No appreciable changes in the digestion coefficients for 
dry matter and energy were observed .. 
Burroughs ~ !d;• (1949 )., in a series 0£ digestion trials with steers, 
studied the effect of corn starch on the digestibility of roughage dry= 
matter. When com cobs or corn cobs and a limited amount of alfalfa hay 
made up the roughage part of the ration, the addition of corn starch 
c~used a marked reduction in the apparent digestibility of the rough.age 
dry matter. 
' 
Some Effects of Energy on Nitrogen Utilization and Digestion 
Forbes ~ !;!• (19 39) studied the effect of fat and carbohydrate addi-
tion on nitrogen utilization by young ma.le albino rats fed quantities of 
~asal diets adequate for maintenance. The authors found that supplementing 
: 
the basal ratio~ with either 1.24 gm. of lard or 3 gm .. of dextrin resulted 
in a marked decrease in the average urinary nitrogen excretion and a 
marked increase in the percentage nitrogen retention. Differences between 
the effects of fat and carbohydrate on nitrogen retention were not re-
~orted. 
Forbes and Swift (1944) showed that the percentage nitrogen excreted 
in the urine was reduced considerably by feeding cerelose and lard, alone 
dr in combination., to mature rats fed a basal diet. 
Working with growing mice., Bosshardt~,!!• (1948) showed that when 
dietary calories were restricted by decreasing the consumption of fat and 
I 
i 
carbohydrate, while keeping the protein intake constant., there was de-
~reased protein utilization and decreased growthe Protein utilization 
was measured as the percentage of the absorbed nitrogen utilized for body 
gain. Fat and carbohydrate were equal in their protein=sparing effect. 
Munro and Naismith (1953) fed rats diets either rich in protein or 
deficient in protein, in combination with various levels of energy supplied 
by either carbohydrate or fato In experiments land 2 the animals were fed 
protein-containing diets and in experiments 3 and 4 they were fed protein-
tree diets. In experiments land 3 carbohydrate was used to furnish the 
additional energy and in experiments 2 and 4 fat was used. They found a 
linear relationship between energy intake and change in body weight. How-
ever, the influence of energy intake on body weight was greater in the 
experiments in which protein-containing diets were fed. The influence of 
energy intake on nitrogen balance was found to be dependent on protein 
intake. When carbohydrate was added to the protein-containing diet, 
nitrogen balance increased in a strictly linear fashion with increments 
in energy intake. A curvi-linear relation was apparent between energy 
intake and nitrogen balance when carbohydrate was added to the protein= 
free diet. The addition of increasing amounts of fat to the protein~con~ 
taining diet resulted in a linear increase in nitrogen balance. However, 
when it was added to the protein-free diet, no improvement in nitrogen 
balance was noted. They suggest that·· when the supply of amino acids cir= 
culating to the tissues comes solely from endogenous sources this becomes 
a limiting factor in the rate of protein synthesis at low levels of energy 
intake. When the diet supplies adequate amounts of protein the limitation 
no longer exists. 
Rosenthal (1952) studied the effect of caloric restriction and dietary 
fat on protein utilization. Varying the fat content had_no effect when 
c1aloric intake was · 50 to 100 per · cent normal; however j when caloric intake 
was reduced to 25 per cent normal nitrogen index was reduced. 
6 
i 
I Barnes and Bosshardt (1946) studied the effect of caloric intake on 
I 
~rotein utilization in growing rats and mice. In one study rats were fed 
isocaloric rations of varying protein content ad libitume The caloric 
intake varied from llel to 15.3 calories per 100 square centimeters of 
body surface. The protein content of the diets,j) expressed as per cent of 
I 
protein calories in the diet, varied from 3.,7 to 35~4" It was .found 
that efficiency of protein utili:zat,ion was highest when the caloric in= 
~ake was 15e3 calories per 100 square centimeters.. This did not coincide 
Jith the highest protein level. 
I 
' 
In the experiment with mice isocaloric diets of variable pNtein 
i 
dontent were again fed ad libiturne The per cent of protein calories in 
i =-
the diet varied from 2.79 to 29.70. The caloric intake varied from 2o37 
to 2$87 calories per gram average weight. As in the former experiment 
I 
~ith rats,j) the highest caloric intake coincided with the highest protein 
I 
1t· li t· -q: 1. .. za ion. 
I 
Allison and .Anderson (1945) conducted a study with dogso Nitrogen 
9alance and biological value were measured at different levels of ab= 
I 
dorbed nitrogen and at two caloric intake levels9 80 and 100 calories 
Jer kilogrrun body weight.. They demonstrated that increasing the cal.oric 
intake from 80 to 100 calories per kilogram body weight resulted in an 
:increased nitrogen balance, but was without effect on biological valueo 
I 
! Allison et al. (1946) ~howed that caloric restriction had to be 
I == 
I 
~evere before nitrogen utilization was affected in adult dogso They 




tion.. Dried» uncooked egg albumin was the source of dietary protein 
Jitrogen. Three caloric intakes were usedj adequate,j) 50 per cent 




.96 for the dogs receiving an adequate caloric intake or 50 per cent of 
I I 
that amount .. However, when the intake was reduced to 25 per cent of the 
adequate amount, the utilization of egg white was reduceda At this low 
caloric intake the dogs were not put in positive nitrogen balance even 
wµ.th nitrogen intakes as high as 4 gm .. per square meter body surface .. 
Increases in nitrogen intake were accompanied by large increases in 
urinary nitrogen.. When the caloric intake was increased to 50 per cent 
~dequate by adding sucrose or lard.9 nitrogen retention was increased and 
~ary nitrogon lowered, thus deioonotrating the protein-sparing act:ton 
o;:t' carbohy'drate and fat .. 
Stevenson et ~ .. (1946) observed that the incorporation of egg in 
a basal. ration at a level equivalent to 3$5 per cent protein resulted in 
I 
J :marked depression in the quantity of :nitrogen (100 mg., less in 7 days) 
~resent in the urine of adult rats reduced to a constant plane of meta= 
I 
bblism by feeding a nitrogen=lows 20=per cent fat ration., They showed 
that upon systematic reduction of' the energy value of the diet.9 the 
sparing action of the egg protein was lost~when the caloric intake was tt to less than 50 per cont of nonnal intake, 
Working with rats that were receiving only one=fourth normal caloric 
intake~ Willman and associates (1947) found that the animals fed the 
llow=fat diet had a much greater urinary nitrogen. than those fed a 20=per 
I 
dent fat diet. Whether the rats were fed the high= or low=fat dietJ 
llrhen the caloric intake was restricted to 25 per cent normal there was 
ol:µ'l increase in nitrogen excretion. Rosenthal and Allison (1951) found 
i 
that caloric restriction :increased nitrogen excretion by adult dogs 
~d depressed nitrogen balance~ but did not alter the nitrogen balance 
idex of the dietary proteine The protein intake of ea!;;h animal was kept 
8 
crnstant and the calor.ies ~ere increased or decreased by adding or re.moVing 
carbohydrate .. 
Larson and Chaikoff (1937) studied the effect of time of feecling of a 
c~rbohydrate supplement on nitrogen excretion by adult dogs.. The test 
~imals were fed a diet fuxnislting about 60 cal. per kge body weight and 
I 
dontaining sufficient protein to m.a.inta:in nitrogen equilibrium. The diet 
was fed in one meal.. In addition.9 the dogs were fed 50 gme glucose with 
the meal and 1., 2.9 3, 4j) 10., 18., 209 22 and 23 hours after the meal. 
~ ohawed that when glucose was fed with the meal and l, 2 and 3 hours 
fter the last feecling there was a depression in urinary nitrogen ex= 
c~etion during the 24=hours period. Beyond the lchour period, the re= 
I 
du.ction diminished as time progressedo When the supplement was fed 4 
; 
i 
~ours after the meal3 a slight :inconsistent effect was notede Feeding 
glucose from 10 to 18 hours after the meal had no effect .. Supplemental 
I , 
g~ucose feeding 4 hours, 2 hours and l hour before the next feeding 
i 
resulted ill a depression in urinaey nitrogen during the second 24-hour 
period. From t>;iese observations the authors postulated that there is 
~ time :interval during which the extra carbohydrate is able to exert 
! 
a! nitrogen=sparing action.I' this interval being limited to 4 hours before 
I 
a.rid 4 hours after :ingestion of the daily meale In another experiment 
i I 
I 
tpese workers fed either 30 or 50 gm. of glucose with the meal for 4 to 




Munro {1949) fed adult male rats diets with the carbohydrate fed 
I 
aba.rt from the protein and then the same diet with pa.rt of the carbo= 
~te f'ed along with the protein, The immediate effect of thl.s change 
I . 




nli.trogen balance. After a few days9 howevers nitrogen balance returned 
I 
tl, its. original level. Subsequent separation of the times of :ingestion 
of ca.rbolzy'drate and protein caused a transient impairment of nitrogen 
balancee It has been concluded that protein utilization is a£fected by 
t~e presence or carbohydrate in the same meal .. No change in nitrogen 
I 
balance was observed in experiments involving similar alterations :in the 
t~e of feeding fat. Feeding fat a short time before the protein meal 
i 
had no effect on nitrogen balance .. 
I Lofgreen and associates (1951) .studied the influence of energy intake 
i 
I 
op. nitrogen retention of growing dairy calves .. Eighteen Holstein heifer 
I 
crves weighing about 150 lb. were divided into four lots and placed on 
four dietary treatments. The treatments were low energy-low proteins 
high energy-low proteins low energy=high protein~ and high energy=high 
ppotein intakes. The low protein level was the. crude protein allowance 
I 
~ recommended by Morrison (1936) and the high protein was 160 per cent 
ot this allowance. The low energy level was the total digestible nutrient 
allowance recommended by the Morrison standard and the high energy level 
wfs 115 per cent of the allowance. The hay used was good quality alfalfa, 
t:imotlzy' or clover hayo The ooncentrate mixture was a l6=per cent protein 
commercial calf starter at the start of the experiement and was changed 
tp a growing mixture when the animals reached about 250 lb.. The propor= 
t~on of protein was maintained ~y supplementing the starter or growing 
I . 
~ure witn a :mixture of protein supplements. To furnish the high energy 
l 
l~ve13 the total feed allowance was increased while maintaining the protein 
J.take constant by the proper reduction in the percentage of protein in the 
•crcentrate mixture. Nitrogen balances were determined when the oa1ves 
. weighed 150 9 200 ~ 250 9 and 300 lb.. Feces and urine were collected during 
10 
I 
~-da,y collection periods preceded by 7-dq prelim:inaxy periods. The 
BiVerage nitrogen retention expressed as the per cent 0£ conswned nitrogen 
was 25.8, 3le69 24.4, and 2lo59 respectively~ £or the animals fed low 
energy-low protein9 high energy=low protein.\) low energy=high protein, and 
high energy-high protein ration. Increasing the non=nitrogenous total 
digestible nutrient consumption resulted in a marked increase in the 
nitrogen retention 0£ dairy calves fed a moderate protein level but was 
w;ithout ef'£ect when the calves were fed a high protein level. 
I 
I In a series 0£ three experimen.ts with srt.eers9 Fontenot et aJ.., (1955) 
' --
determined the e££ect of adding different amounts of cerelose to wintering 
I 
~ations containing approximately 8 !) 10 and 12 per cent protein. The basal 
I 
wintering rations were composed 0£ prairie hay!) cottonseed meal and 
niinerals in the proportions frequently fed to wintering bee£ cattle .. 
. Additions 0£ cerelose to the extent of 350.1> 100 and 1050 gme to the 
8~per cent ration9 and 700 and 1050 gm. to the 10= and 12=per cent rations.\) 
I 
resulted in a significant increase in nitrogen retention when the ba.sal 
~ation contained 10 per cent p:rotein.1> and a small but not statistically 
tgnif'icant increase whsn the basal mtion contained 12 per cent protein. 
The added cerelose increased the estimated (Thomas=Mitchell) biological 
value 0£ the nitrogen of all three basal ra.tionso It decreased the 
' 
apparent, but not the true$ digestibility 0£ protein.\) depressed the 
~gestibility of crude £iber9 and increased the digestibility of nitrogen= 
tiree extracto At each level of protein.\) the trend of results was toward 
an increase in these effects with increasing cerelose intake. 
I It is apparent that nitrogen balance can be affected by £actors 
frecting endogenous nitrogen excret:l,on in the urine and metabolic nitro-
gen excretion in f'eces., Mitchell (l924L working with rats.\) f'omd that 
' 
11 
the amount o.f £ecal metabolic nitrogen was influenced by the crude fiber 
content of the diet and by the amount of dry matter consumed. In these 
same studies he showed that the size of the animal influenced the urinary 
excretion of endogenous nitrogen, heavier animals haVing a higher excre= 
tion than lighter ones .. 
Some Effects of Fat on Nitrogen Utilization and Digestion 
Sheer et al. (1947) found that when rats were fed diets containing --
O., 5., 10., 203 and l.iO per cent fat the animals on the 20 and l.iO per cent 
levels made more efficient gains than the animals on the lower levels .. 
Swanson (1951)., using male rats 6-months-old., showed that reduced 
caloric intake had a greater influence on nitrogen metabolism when low-
fat diets were £ed than when high-fat diets were fede In these tests 
the animals were brought to an approximately steady state of nitrogen 
metabolism by being maintained on a protein-free but otherwise adequate 
diet for 18 da:yso During this depletion period, one group of animals 
was fed a high-fat ration and the other a low=fat ration. Various 
nitrogen balances were conducted during the following 14=16 days. 
Part of the animals were then fed nitrogen=poor diets low in calories 
while the remainin.g animals were continued on a full-caloric diet and 
their balances were redetermined.. Nitrogen balance was measured at 253 
5b., 15 and 100 per cent normal intake. It was found that nitrogen meta= 
bolism was not markedly altered by reducing the caloric intake to 75 per 
cent of normal. When the caloric intake was reduced to 50 per cent, it 
lowered nitrogen balance drastically on the low=fat diets but did not 
i 
altfect to any extent the animals on the bigh=.fat diets .. When the calor.ic 
intake was reduced to 25 per cent of normalj it lowered the nitrogen bal-
I 
I 
i ' ance of both groups of a.nimalso However,j) the nitrogen balance of the 
I 
cfu.imals on the low=fat diets was still much less than that of the rats 
fed the high=fat dieto 
12 
French and co=workers (1953) found that rats fed a diet containing 
2
1
2 o 7 per cent fat grew as rapidly as those fed a diet containing 3.,4 per 
I 
I 
cent fato The life span of rats ingesting the high=fat diet decreased 
markedly., Increased efficiency of utilization of the diet was correlated 
with decrease in life span .. The livers of the rats on the high=fat diet 
i 
cpn.tain.ed significantly more fat t,han those fed the carbohydrate diet .. 
The histopathologica.1 data, however» revealed nothing that could be inter= 
I 
i 
preted as a fat=induced cause of premature death .. 
I 
The effect of dietary fat upon digestibility of other ration com= 
ponents was studied by! meas and Loosli (1944)0 They found lowered 
digestibility of dry matter,j) nitrogen.=free extract and crude fiber in 
r~tions for dairy cattle in which ether extr~ct had been increased to 
7 per cent by the addition of com oil or soybean oil .. 
Swift ~ ~e (1948) fed sheep rations which were made isocalori.c 
b~ reciprocal variation between added fat and carbohydrate., The rations 
I 
i 
c~ntained 32 4., 5, 6,j) 7 and 8 per cent fat and furnished equal amounts 
of proteine Determinations were made of nutrient digestibility2 heat 
P:poduction and methane product;ion., The utilization of protein and 
erergy by the sheep was found to be appro:ximately the same on all mtionse 
I 
Byers and others (1949) found that a ration of al.falfa hay and 
gtound soybeans containing 5., 2 per cent fat did not inc::rease milk pro~ 
I 
a:b.ction in dairy cows over that obtained with a ration of al£alfa hay 
I 
aid soybean meal containing 2 .. 7 per cent .fato 
Gullickson and asso(('Jiates (1942) ran .f'eed:ing tests with dairy 
13 
Ja1ves which indicated that calves .fed butter fat {3a5 per cent} excelled 
dver those fed lards tallow., C(Q)ffl roil., cottonseed oil., or soybean oil. 
Jacobson et al. (1949) reported that dairy calves fed hy'drogenated soy= 
-=""""' 
b,ean oil at a 3 per cent level grew as well as calves fed whole milks 
~bile calves fed from 2 to 3 per cent crude expeller soybean oil showed 
I 
poor growth and a high mortality rate .. 
Wiley and associates (19.52) fed steer calves from different rationsg 
1ow fat=low energys low fat=high energy.I) high fat=low energy and high £at= 
I 
h;tgh energy. Fat levels measured as ether extract ranged from 2.84 per 
! 
c:ent in the low level ration to 7 .,54 per cent in the high le'irel ration .. 
T~e efficiency of feed utilization was greater on the high=£a.t ration 
! 
than on the low=fat ration and appeared to be independent of the energy 
level. 
Schweigert and Wilder {1954) fed two lots of 12 steers each a ration 
o1 com.1> dried brewers grain, :roola.sses.9 minerals and baye One pound of 
I 
l 
stabilized £at which replaced 2.5 pounds of corn :in the ba~al ration was 
,: 
fed to the· second group of steerse The animals were on trial, 109 days and 
I . 
tfen slaughtered. Rate of gain and ©a;Jfcass grade was approximately the 
s~e for both groups. Total feed intake was below max::i.m:wn and the caloric 
I 
i 
intake was the SaJ11e £or each ration.. The authors were trying to evaluate 
i 
c.alo:ric utilization from the fat as compared to com rather than the 
eionomy ot gain for ea.ch group on £uJ.l feed. These researchers concluded 
I 
' 




gru.ps9the animal fat had an energy value two and one=half' times that of 
tie com. 
l Brooks ~ !!• (1954):i in studies conducted~ Vitro.I> found that com 





qorn oil added to a basal ration of' co·ttonseed hulls and casein signifi= 
dantly reduced the digestibility of cellulose and protein by sheep" 
Rum.en ingesta from the sheep had a putrid odorj a turbid color and a 
~owered volatile fatty acid contente The depressing effects of added 
o
1
orn. oil were partially overcome by the addition of alfalfa ash .. These 
workers believe that added fat depresses/cellulose digestion more than 
the naturally contained fat in feede Tillman et ~o (1956) fed 10 per 
c.ent corn oil in a fattening~type ration to sheep.. Gains of the sheep 
w\ere only one=half those of sheep .fed the control ration which contained 
no fat.. The addition of 15 per cent mixed animal .fat to a fatteni.'1.g=type · 
I 
r~tion caused the sheep to lose weight .. illalf'a ash did not improve gkt:in9 
,, 
while the addition of potassium bicarbonate or sodium bicarbonate appeared 
to :increase the detrimental e.ff ect of the fat,e 
, In a Nebraska testj Matsushima ~ ~" (19 53) fed st,eers a pelleted 
z,ktion containing (1) no added fat9 (2) 5.,5 per cent beef tallow and 
I 
0) 5..5 per cent corn oil .. The average daily gains of steers fed these 
three rations were 2 .. 119 2 .. 00 and la17 lb. 9 respectivel,ye The authors 
siated that the com oil became rancid and this rancidity p:robably re= 
I . 
mitlted in decreased feed consumption .. Ma.tsushilna. and associates (1955) 9 
! 
in a continuation of this work:, state that the energy from high grade 
inedible fat was utilized almost, as effectively as the energy from com 
wben the level of fat did not exceed one pound per day.. Some digestive 
i 
disturbances were observed when the animals were fed one and a half 
I 
pqunds daily.. Jones; ~ ,:! .. (1942) fed steers a fattening ration con= 
tq,in:in.g approximately 6 per cent cottonseed oil and :reported the oil to 
I ., -
be a satisfactory source of energy .. 
! 
EXPERIMENT I 
This experiment was conducted to determine the effect of the addi= 
' 
J1on of corn upon nitrogen utilization and the digestibility of ration 
components by steers fed a wintering=type basal ration composed of 






Experiment I was initiated with a group of eight grade Hereford steers 
weighing an average of 483 lbo at the start of the experiment,, The steers 
we:re used in two digestion trials extending from January 28, 1955 to 
F~bruary 26~ 1955,, The experiment was of a reversal design whereby two 
rbtions are fed alternately to two groups of animalse The steers were 
kept in false bottom metabolism stalls as described by Nelson~ ~o 
(1954)., A lO=day preliminary period preceded each lO=day collection 
p~riod., The steers were fed twice dailye A th:ree=week period of ad= 
! 
jµstment was given the steers before being placed in the metabolism stalls,, 
\"'' 
During this early preliminary period the steers were handled daily w~ile 
being kept in hay=bedded box stallso 
The rations fed and the chemical composition of the feeds used in 
thi : s experiment are given in Table lo The average chemical composition 
of the rations is given in Table 2. 
I The basal ration contained 3000 gmo of prairie hay3 454 gmo of 
i 
c9ttonseed meal, 25 gmo of dicalcium phosphate and 25 gmo of salto This 
I 
I 
· ----- TABLE l 
Daily Amounts and Average Chemical Composition of Feeds Used in Corn Studies 
-- . ·-. . - ···-
Da1Iy AIIowa.nce ---- ~~-~ ~, 
in Ration Percentage Composition of Dry Matter 
Basal + Dry Organic Crude Ether · Crude Ni trogen=.free 
Basal Corn matter matter protein extract fiber extract Feed Ash 
gnlo gm. ·~ 
Prairie hay 
Trial l 3000 3000 95.30 93.14 4.75 2.,57 33.14 52.68 6 .. 86 
Trial 2 3000 3000 95.66 92.90 4.50 2.53 32.00 53.,87 7.10 
Com 
Tria.l l 0 572 87~77 98,,42 10.13 · 5.,08 lo81 81.40 1.58 
,Trial 2 0 572 88.03 98.56 9.93 4.79 1.81 82.03 1.44 ~- - -- ' _, . 
Cottonseed meal 
Trial l 454 336 93.00 94.07 44.31 6.09 12.76 30.91 5.93 
Trial 2 454 336 92076 94.24 44.56 5.98 lJoll 30.59 5,, 76 
NaCl 
Trials 1& 2 25 25 100.00 100~00 -
Dicalcium phosphate 
- Trials 1 & 2 25 25 100.00 100.,00 
~ 
TABLE 2 
Average Chemical Composition of Rations Used in Corn Studies 
Percentage Composition Dry Matter 
Per cent Organic Crude Ether Crude Nitrogen=£ree 
Ration dry matter matter protein extract fiber extract Ash 
Basal 95021 




8 .. 62 
2c95 




54 .. 51 
8 .. 23 





ration ccmta:l.ned 9.58 per cent protein.. The basal plus cern ration con"." 
- I . . - -
sisted of .)000 gm. of prairie hay., 336 gm. ot cottonseed meal., 572 gm. 
of com., 25 gm. of dicaloium phosphate and 2$ gm. 0f salt. The aclditi&m 
of com lowered the protein content of the ration to 8.62 per cent. 
!be prairie hay was 0£ average quality and was sorted tor weeds 
bat'ore being £ed. The eotto:naeed meal was expeller processed. The com 
was No. 2 yelln dent and was relatively finely ground. The dicalcium 
ihosphate was of high purity and the ground rock salt was of feeding 
g;rade. _ _ 
! 
Feces were collected in metal pans and transferred several tim.es 
I 
daily to covered metal containers • .The feces were weighed daily and 5 
I . 
per cent aliquots were preserved in tightly covered glass jars under 
I .,. 
refrigeration. T~l crystals were used as an aid in preservation. 
_Proximate analyses., as described by the Association of Official Agrieul= 
I 
tural Chemists (l950)j were nµide on 10-~ composite sampl~s of the 
' : ~ . 
feces. Urine was collected in covered metal cans by means Qf a metal 
tunnel placed below a grid in the floor &f the metabolism stalls. The 
Uf1Be was diluted with water to a constant weight daily and an aliquot 
i . 
was acidified and stored under re:trigeratie1:n.. Nitrogen was detennined by 
the Xjeldahl method on combined daily aliqugts. 
The Thomas-Mitchell fgrmula was used in the calculation of 'bielogi= 





Iil: intake .. (fecal N - metabolic N) -(urina;{'. N - endogenous n) X 100 
1 · . N intake ... ttecai N' - me abolic NJ · 
Jo matabolio nitrogon rmo1 endsi«'oua nitrog ... were calculated by the I , , - - . 
I . 
mjthod s~gested by .swan.son and Herman (1943). Fecal metabolic nitrogm 
! 
19 
~as considered to be 5o3 gmo per kgo of dry matter intakeo The equation 
used for the calculation of the endogenous urinary nitrogen was Ne 
Oo?l2 x 0~42 where N represents the grams of endogenous nitrogen and x 
the body weight in kilogram.so The fo::rnru.la was derived by Swanson and 
Herman (1943) from results obtained by feeding low=nitrogen rations to 
dairy heifersQ 
The statistical methods as described by Snedecor (1946) were used 
to analyze the nitrogen balances, biological valuesJ and apparent digesti= 
bility of nutrientso 
Results and Discussion 
The average daily nitrogen balance and biological value data are 
given in Table Jo The individual data for nitrogen balance and biologi= 
cal value are presented in Table I appendi:x:o 
In the trials with added carbohydrate 118 gmo of cottonseed meal was 
replaced by an iso=nitrogenous amount of corn~ 512 gmoJ representing the 
addition to the basal ration of an additional 355 gmo of non=nitrogenous 
n~trients$ primarily carbohydrate~ The supplement of corn decreased 
daily nitrogen excretion in the urine from 16.33 gmo to l4el8 gmo, but 
increased the nitrogen in the feces f:rom 22 .. 04 gm., to 24 .. 80 gm., The 
increased fecal nitrogen excretion was associated with the increased 
in.take and excretion of dry matter and a significant drop (P<OoOl) in 
the digestibility of crude fiber., In this respect, the results resembled 
those obtained with pure carbohydrate by Fontenot~ al .. (1955) .. Total 
nitrogen retention was decreased, but not significantly, from 12&23 gmo 
to 11.32 gm. when corn was added to the rationQ Mitchell and associates 
{1940) found that the feeding of glucose to beef calves failed to in= 
TABLE 3 
Average Daily N:Ltrogen Balance and Biological Value Data f'or Com Studies 
Intake Excretion True Absorbed 
Dry· Fecal Urinary Nitrogen Metabolic Endogen= digested N 
Ration lllatter Nitro~en N N retention N ous N N utilized 
gm~ gm,, _gm,, gm. gm. gm •. gm., gm. gm. 
Basal 3325.3 50060 22 .. 04 16.33 12.23 17~58 6.89 46.14 J6.,67 
Basal 
+ 









irease nitrogen retention when the b.a.sal ration contained approximately 
10 per cent or less protein.. In an earlier study, Fontenot (1953) fed 
two rations differing in caloric value but of approximately equal pro-
I 
tein contento The higher caloric ration induced the higher average nitro-
gen retention .. In the present experiment there was a highly significant 
! 
(P<OoOl) increase in the average biological value (79.52 to 83.91) when 
corn was added to the ration .. Several workers have observed that a de-
9rease in the protein percentage of a ration is usually accompanied by 
I 
an increase in biological valueo Allison~ !!,o (1946), working with 
dogs, and Bosshardt~!.!• (1948), working with mice, showed that nitro-
~en utilization is impaired when caloric intake is restricted. 
j 
Average values for the apparent digestibility of nutrients in each 
ration are shown in Table 4. The indiVidual values are shown in Table II, 
appendix.. The addition of 572 gm. of corn to the basal ration had no 
apparent effect on organic matter or dry matter digestibility .. 
The average apparent crude protein digestibility decreased when corn 
was added to the ration. This decrease was highly significant {P< O .. Ol) 
$d was probably due to increased fecal metabolic nitrogen. The data 
I 
in Table 3, which shQw that there was no appreciable difference between 
rations in true digested nitrogen,support this idea .. These results are 
i:p. general agreement with those obtained by Hamilton (1942), Swift et 
i 
,!!• (1947) and Fontenot and associates (1955). 
I The apparent digestibility of crude fiber was decreased by a bighl;y 
significant {P< O.Ol) a.mount by the addition of corn. This decrease 
I -
prially nullifies the value of readily"-available carbohydrate in a 
wpitering-type ration. The results are in general agreement with work 




- of· - , 
Ration animals 
Basal 8 
Basal+ Com 8 
TABLE 4 





Average Digestion yoefficients 
Dry _____ urga.n~cr --Crude ·· Ether arude·· N.;;.t'ree 

















., ,.1 \. ~. . '. : : •• ,,;:• i 
FbntenQt and co-workers (1955)., allo.fwhom observed that relative::Ly high 
f,:. i!. . -" ,' .. ·., ,,. - ' . '. ·' ,,. 
I 
levels of.available carboby'drate added to rwnina.nt rations caused a marked 
: ' .. .,JI ·, ;~, .. ) ,.( ~· ~ .~ • 
d~pression in crude fiber digestibility. 
,.:.i 
The apparent digestibility of ~he ~itrogen-free extract in the corn-
c~:>ntaining rations was significantly greater (P<0.01) than that 'in the 
basal ration. 
The increase in digestibility 0£ ether extract when the corn-conta:in-
~g ration was £ed was not statistically significant. 
EXPERIMENT II 
The purpose of this exper:µnent was to determine the effect of adding 
I 
c0xn oil upon nitrogen utilization and the digestibility of ration com= 
ponents by steers fed a ration similar to that in Experiment Io 
Procedure 
A g:rou.p of nine grade Hereford steers weighing an average of 508 lb .. 
at the start of the experiment were used. The steers were fed two differ= 
~t rations during a series of three digestion trials extending from 
December 21, 1955 to February 8, 1956. The design as well as the manner 
in which the experilllent was conducted was the same as in Experiment I. 
The rations offered and the chemical composition of the feeds used are 
given in Table 5 .. The average chemical composition of the rations is 
given in Table 6. 
The basal ration of all three trials contained 3000 gm. of prairie 
ly., 454 gmo of cottonseed meal, 25 gm. of dicalcium phosphate and 25 gm .. 
of salt. The com oil ration in all trials consisted of 3000 gmo of 
prairie hay., 454 gm .. of cottonseed meal., 200 gmo of com oil (mixed with 
the cottonseed meal)., 25 gm .. of dicalcium phosphate and 25 gm. of salt .. 
~he average protein content of the basal ration was l0ol4 per cente 
I ,,,,' 
The co:r:n oil addition resulted in a lowering of the average protein con-
i t~t to 9..56 per cent.. Because of feed refusals$ data from six animals 
! 





Daily Amounts and Average Chemical Composition of Feeds Used in Corn Oil Studies 
Daily Allowance 
in Ration Percentage Composition of Dry Matter 
Basal,+ Dry Organic Crude Ether Crude Nitrogen-free 
· Feed Basal Corn oil matter matter protein extract fiber extract Ash 
gm. gm. 0 
Prairie bay 
Trial 1 3000 3000 93.29 93.11 5.63 3.09 31.98 .52 .1.i.1 6089 
Trial 2 3000 3000 94.86 93.76 l.i .• 63 2 • .53 33.65 52.95 6.24. 
Trial 3 3000 3000 92.09 93.78 4 .• 94, 2.82 33.52 52 • .50 6.22 
Cottonseed meal 
Trial l 454 4.54. 92.29 92.81 l.i.5 • .56 4.31 10.37 32.57 7.19 
Trial 2 4.54. 454 92.52 93,.93 Ll.i.10 l.i .• 90 12.92 32.01 6.07 
Trial 3 4.54. 454 90.L.6 92.93 46. 75 4 .• l.ili 10.19 31 • .55 1.01 
Corn Oil 
Trial 1 200 100 100 100 
Trial 2 200 100 100 100 
Trial 3 200 100 100 100 
NaCl 
Trials 1 9 2 .,3 25 2.5 100 100 
Dicalcium phosphate 




Average Chemical Composition of Rations Used in Corn Oil Studies 
Per cent 
Ration ~ matter 
Basal 93029 






- Percentage Composition of Dry Matter 
Crude Ether Crude Nitrogen-free 
protein. extract fiber extract 
10.14 2.99 29. 76 49.19 







Results and Discussion 
The results of the three trials have been combined. The average daily 
nitrogen balance and biological va].ue data are given in Table 7. The 
individu.al data are given in Table III3 appendix. 
The addition of 200 gm. of corn oil decreased the nitrogen in the 
urine from 17. 45 gm.. to 1.5. 45 without producing a measurable change :in 
fecal nitrogen (23.44 gm. as compared to 23.87 gm.)o This resulted in a 
significant {P< 0 .. 01) increase in nitrogen retention.. The large increase 
in absorbed nitrogen indicate a definite sparing action of fat upon nitro= 
gen retention. This is in agreement with work by Fontenot.~!!• (19.53) 
(1955) who obtained an increase in nitrogen retention by adding readily= 
I • ' 
available carbohydrate to a basal wintering ration containing 10 per cent 
protein .. 
The addition of com oil resulted in a significant (P<0 .. 01) increase 
in the biological value of nitrogen. The average biological value of nitro= 
gen for the basal ration was 77e42 and for the co:rn oil rationfi 82.05e 
These results agree with Experimeqt I in w}4ch corn was added to the basal 
ration. 
The average apparent digestion coefficients are given in Table 8. 
The individual coefficients are presented in Table IV$! appendix. The 
addition of 200· gm .. of corn oil to the basal ration resulted in a signi= 
ficant (P<0 .. 01) decrease in both organic I[l.atter and dry matter digestibil= 
ity. This is in agreement with work byBro?ks et ~o (1954} and Tillman 
~ ~e (1956) who found lowered cellulose digestion when cor:n oil was 
added to rations fed to sheep .. 
There was a slight decrease in apparent protein digestibility £rom 







Average. Daily Nitr.ogen Balance and Biological VBt],ue D~ta for Gorn Oil Studies 
Intake Excretion True Absorbed 
Dry Fecal Urinary Nitrogen Metabolic Endogen- digested N 
matter Nitrogen. N N retention N ous N N utilized 
gm .. gm .. gm. gm .. gm. gm. gm .. gm .. gmo 
3260 .. 0 52 .. 35 23 .. lih 17.45 11 .. 46 17 .. 27 6.97 46.19 35 .. 71 












Basal.+ Corn oil 9 
TABLE 8 
Av:erag.e. i\pparE!l')t I)~estion Coeff'i,cients .fol' Co.rn Oil Studies.· 
,. ·' ; .. .. ~- " ,. , • ' ·.~ ' •• - • ·-. . • . . ' ,. ·- - .. - ' ., s ". .. . 
Average Digestion Coefficients 
Corn Dry Organic Crude Ether 
intake 2 gm .. matter matter protein extrac·t 
'' 
0 61 .. 38 63.62 55 .. 24 52oh.3 











.. , 30 
crease was less than that obta:in.ed when com was added to the basal ration 
I . : 
an.d was not statistically significant. Difference in prete:i.n content 0£ 
the two rations would account £or part 0£ tlie difference in digestibility. 
I 
Crude fiber digestibility decreased from 66.34 per cent to 62.25 by 
' 
the addition 0£ com oil. This ditfertmce was highly significant (P<O.Ol). 
I 
This result is in agreetrtent ~th the resuJ.ts obtained with com and with 
work reported by Swift and co-workers (1947), Brooks et al. (1954) and 
. J --




The addition of com oil caused a h:tgh:cy' significant {P<O.Ol) de-, 
p~ession in nitrogen-tree extract digestibility from 64.26 per cent to 
60.53 per cent and a highly significant (P<0.01) increase in,apparent 
ether extract digestibility from 52.43 per cent to Bo.48 per cent. 'l'he 
depression in nitrogen-tree extract digestibility is believed to reBUlt 
from altered composition ot rwnen organism population and i,mpair.ed fer-
mentation processes in the rwum. The increase in apparent digestibility 
ot ether extract is directly related to the increase in fat content 0£ 





Th~ steers showed no signs 0£ digestive disturbances during the trials, 
¥though they were fed rations which contained 8.58 per cent ether ex-
1 
i 
~ract on a d:t7 matter basis. Their feces increased in dry' matter contmt 






In a study of the effect of added cax'boh;ydrate and fat in rwninant 
rations!) Hereford steers were fed a basal wintering-type ration (9 .,58 -
10.14 per cent protein!) dry matter basis) of prairie hay, 3000 gm.; 
cottonseed meal11 454 gm.; and minerals.)) .50 gm. In the trials with added 
carbohydrate.I) 118 gm. of cottonseed meal was replaced by an iso=nitro-
ge:nous amount of co:rn..9 572 gm., revresenting the addition to the basal 
ration of' an extra 3.5.5 gm. of non-nitrogenous nutrients, mostly carbo-
hydrate. In the trials with fat,, 200 gm. of corn oil was added directly 
to the cottonseed meal of the basal ration. The supplement of corn 
decreased nitrogen excretion in the urine but increased it in the feces .. 
The increased fecal nitrogen was associated with the increased intake 
and excretion of dry matter and a lower <ligestibility of' crude fiber. 
Total nitrogen reten.tion was decreased from 24 .. 2 per cent of the intake 
to 22.5 per cent .. The supplement of fat decreased u:rina.ey nitrogen. ex-
cretion without affecting fecal ni·trogen excretion. Total nitrogen 
retention was increased from 2lol per cent of the intake to 24 .. 7 per 
cento 
The addition of com resulted in no apparent effect upon organic 
matter and dry matter <ligestibilities9 while the inclusion of corn oil 
in the ration caused a significant decrease in the apparent digestibil= 
ity of both dry matter and organic matter.. Crude fiber digestibility 
was significantly reduced in both e:xperiment,s.. The apparent digestibil= 
31 
32 
ity 0£ cru.de protein was significantly decreased when corn was added to 
the ration, but not when com oil was added. There was a bighly signifi-
cant increase in apparent ether extract digestibility when corn oil addi-
tions were made. The apparent digestibility 0£ nitrogen-free extract was 
aignificantly increased when corn was added to the ration, but significantly 
dec:reased when corn oil additions were made. Both com and corn oil 
significantly increased biological value of the protein. 
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-· - TABLE I. DAILY NITROGEN BALANCE AND BIOLOGICAL VALUE DATA FOR CORN STUDIES 
Intake Excretion True Absorbed Biolog= 
Steer Dry iH-Ero= Fecal Urinary N retens- Metabolic. Endoge·n,,,. digested N ical-
. . 1 .-
No. matter gen N N · tion .N ous N N utiliz~d value 
gm. gm. gm.. gm. gm. gm. gm. gm. gm. % 
103 3331.2 51.66 22.22 16.98 12.L.6 17.54 6.78 4.6.98 36.78 78.29 
12L. 3331.2 51.66 22.83 1,.92 12.91 17.54 6.95 46.37 37.LO 80.66 
39 3331.2 51.66 22~73 16.24 12.69 17.54 6.92 46.4.7 37.15 79.94 
4.1 3244 ... 8 47 .02 20.20 14.96 11.86 17.19 6. 74 44.0l 35.79 81.32 
8 334.0.9 50.69 22.58 18.33 9.78 17 .. 70 6.86 45.81 34.34 74.96 
123 3340.9 50.69 20. 75 15.98 13.96 17.70 6.87 47.64 38.52 80.86 
94 334.0.9 50.69 22.19 16.30 12.20 17.70 6.87 4.6.20 36.76 79.57 
132 3%.0.9 50.69 22.79 15.95 11.95 17.70 1.09 L5.6o 36.74 80.51 
3325.3 50.60 22.04. 16.33 12.23 17.58 6.89 46.14. 36.69 79.52 
132 364.9 .9 L.9. 79 24 .. 90 14.56 10.33 19.35 1.09 44.24 36.77 83.11 
123 3666.9 51.30 2L .• L.8 13.60 13.22 19.42 6.87 46.24 39.51 85.45 
8 3693.8 51.40 24.72 15..58 11.10 19.58 6. 77 L.6.26 38.15 82.47 
94 364.3.9 5o.L.6 26.79 16.4.0 7,,27 19.31 6.87 L.2 .98 33.LL. 77.80 
12L. 3713.1 5o.65 23.80 13.00 13.85 19.68 6.95 L.6. 76 L.o. 71 87.06 
39 3734.o ,o.88 25.34 13.00 12 .. 54 19.79 6.92 4.5.33 39.23 86.55 
h.l 3601.2 L.7 .07 23.64 13.50 9.53 19.09 6.74 L2.52 35.76 84.10 
103 373L .• o 50.88 2L .• 80 13 .. 80 12.28 19.79 6.78 45.87 38.85 84.70 
3679.6 50.30 2L .• 80 14.18 11.32 19.L.6 6.87 45.02 37.80 83.91 
w 
-~ 
TABLE IL APPARENT DIGES"t'ION COEFFICIE'NTS FOR CORN STUDIES 
. ' ' 
I 
Dry 
Apparent Percentage Digestibility 
Steer matter J:Jty Organic Crude Ether Crude Nitrogen=free 





















·2 · . L.1 

















3601 .. 2 
373L .• o 
367906 


























63 .. 26 




















.51 .. 90 
46.83 
























67 .. 69 













63 .. 57 
63.20 
61., .• 12 
58.21 
63.67 


















- 'i'ABtE--III~ DAILY NTIROGEN BA.LANGE AND BIOLOGICAL VALUE DATA FOR CORN on.- STUDIES 
Steer 











































Intake Excretion' True Absorbed Biolog-
bry Nitro... F~cal Urinary N reten=s Metabolic EndogeIJ,. digested N ioal 
matter gen __ 'N N tion N ous N · N · · u~ilized · value 








3223.4 52 • .54 
3223.3 52.54 
3260.0 52 • .35 
3467 .. 7 55 .. 74 
3467 .'7 55 0 74 
3515.8 ,0.11 
3515.8 50.71 
.3515· .. ·8 - 5o. 71 




















































































































































82 •. 45 
84 .• 67 
85.46 
38.66 82 .o5 
'·. 
g 
__ _ . __ TABLE IV. .APPARENT DIGESTION COEFFIGIENTS_FOR CORN OIL STUDIES 
Dry 
Apparent Percentage .Digestibi'.J,ij;y 
·,-·· -· ·-
I 
Steer matter Dry Organ!c cjrude _ Ether . ____ . Crude _ NfErogen=free 
Ration Trial No'o intake ·witter matter . ·. prcrtiein . ' . 'e'xtra'ct \./, ; 'rib'e·r·' . ' ; .· extract --. 
gm. 
Basal 1 36 3138.7 59 .. 80 62.54 55 .. 42 53 .. 23 65~L.6 62~40 
1 34 3217.7 65 .. 36 67.60 56 .. 77 58.32 70.95 68.60 
2 .32 3.315.8 59.10 62 .. 08 54.4.3 , 48.21 64.86 62 .. 62 
2 35 3315 .. 8 60.32 62.56 53.80 52.42 6L .• 69 63.47 
2 33 331508 60.53 63 .. 08 53.80 L.9.57 66.17 63.49 
·2 38· 3315 .. 8 62.15 64.03 56 .. 90 54.08 65.52 6L ... 66 
3 36 3223.4 / 63 .. 06 65 .. 27 55.60 53.06 69.16 65.64 
3 .39 3223 .. 4 5B .. 6L. 6o.53 53.51 L.8.13 62.63 6lo44 
3 3L. 3223 .. L. 62.87 64.97 54 .. 67 54.93 67~62 66 .. 10 
Average 3260.0 61 .. 38 63 .. 62 55 .. 2L. 52.43 66.34 6L ... 26 
Basal 1 33 3L.67. 7 60 .. 63 63.65 54.20 80 .. 37 60.41 6~ .. 43 
+ l 38 3467 .. 7 59.,36 61.42 52.49 79.22 60.78 60,.36 
Corn Oil 2 36 3515.8 63.02 64.70 54.56 . 81.01 . 66.35 62 .. 13 
2 39 3515 .. 8 59.L.l 61.21 54.12 83.16 - 60.36 59 .. 20 
2 3L. .3515 .. 8 61 .. 48 63.51 55.IL. 77.77 65..58 61.30 
3 33 3423.4 61.38 63.86 54.L.9 81..58 63 .. 59 62.69 
3 35 3423.4 60.07 62.36 54.72 80.71 62 .. 88 6o .. 12 
3 32 3L.23.4 56.90 58.74 52.56 80.12 .58.36 .56.78 
3 38 342.3.4 60.52 62 • .37 561180 so. -:is 62.02 6o.37 







WEIGHTS OF STEERS USED IN CALCULAT:bm 











































Calcalated from initial weight and weight at tba end of last trial., 
42 
43 
-- TABLE VI. MErHOD USED IN STATISTICAL ANALYSIS 
Anal:vsis of Variance 
Experiment Source Degrees of Freedom 
1 Total 15 
Treatment 1 
Trial 1 
Treatment X Trial l 
Error 12 
2 Total 17 
Treatment 1 
Trial - 2 
Treatment X Trial 2 
Error 12 
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